INTRODUCTION
The nonprotein synthesis roles of gly are as a precursor to glutathione, nucleic acid bases, heme, creatine, and bile acids along with methyl group metabolism (Reeds and Mersmann, 1991) . These roles along with gly being a component of uric acid and protein structure make it an essential amino acid for poultry. The supplementation of gly to a 16% CP broiler starter diet restored growth performance similar to a positive control diet (Dean et al., 2006) . Further investigation within our laboratory showed that gly supplementation improved feed efficiency of broilers fed a typical corn and soybean meal (C-SBM) diet that was adequate in all nutrients (Waguespack et al., 2008) . Similar improvement in feed efficiency was also observed in reduced CP diets with varying levels of Lys and TSAA (Powell et al., 2009) . The increase in g:F that resulted from gly supplementation was not always accompanied by increased ADg, indicating that the increased g:F observed in these reports was not always the result of increased protein synthesis, but of increased utilization of nutrients.
All diets that responded to gly supplementation in our laboratory had a dietary Cys level of 0.34 to 0.35%. This level of Cys is lower than the 0.40% recommended for 0-to 21-d-old broilers (NRC 1994) . Also, within the literature, differences exist in the reported Cys requirement for broilers within the 0-to 21-d age range. Kalinowski et al. (2003) reported that the Cys requirement for 0-to 21-d-old male broilers ranged from 0.39 to 0.44% of the diet depending on the rate of feathering, whereas Moran (1980) reported a Cys requirement of 0.41 and 0.46% Cys for 0-to14-d-old male and female broilers, respectively. These reports (Moran, 1980; Kalinowski et al., 2003) indicate that the level of Cys in the diets that responded to gly supplementation (Waguespack et al., 2008; Powell et al., 2009) Cys (60:40, 50:50, and 40:60) were used on a mole for mole basis to achieve 0.063 mol of TSAA/kg of feed and a positive control with Met:Cys of 50:50 at 0.76 TSAA:Lys. glycine supplementation did not affect ADg or ADFI; however, g:F was increased (P = 0.003) with gly supplementation. An increase in Cys and a decrease in Met resulted in a decrease (P = 0.028) in ADg but had no effect on ADFI or g:F. In experiment 2, Met was kept constant at a marginal level of 0.45% and Cys was increased in 0.05% increments from 0.35 to 0.50%. glycine supplementation had no main effect on ADg, ADFI, or g:F; however, gly increased g:F at the lower levels of Cys but not at the higher levels (gly × Cys, P = 0.031).
A linear decrease (P = 0.071) was found in ADFI with increasing Cys supplementation. These data indicate that gly increased g:F in female broilers fed suboptimal levels of Met and Cys but not at Cys levels at or above the requirement. This implies that the synthesis of Cys accounts for a portion of the increased g:F observed from gly supplementation in female broilers fed reduced CP C-SBM diets.
below the requirement. Also, Cys is considered to be the limiting amino acid in Met-supplemented C-SBM diets (Baker, 2005) . dl-Methionine was supplemented to meet the TSAA requirement within the diets that responded to gly supplementation; therefore, the excess dl-Met would alleviate any Cys deficiency. However, the conversion of Met to Cys requires Ser or gly. The conversion of the readily available dietary gly to Ser, along with the excess Met, would result in an increase in the rate of synthesis of Cys. This synthesis of Cys from Met and gly may be one possible mechanism by which supplemental gly elicits an increased g:F in diets deficient in Cys. Therefore, supplementation of gly should not increase g:F in diets adequate in Cys. Hence, the objective of these experiments was to evaluate the effects of gly supplementation at varying levels of TSAA achieved by varying Met and Cys.
MATERIALS AND METHODS
Two experiments were conducted with female Ross × Ross 708 broilers obtained from a commercial hatchery. All methods used in these experiments regarding animal care were approved by the Louisiana State University Agricultural Center Animal Care and Use Committee. For each experiment, broilers were weighed, wing-banded, and randomly allotted on the day of hatch to dietary treatment. Each trial lasted from 0 to 18 d posthatching. The broilers were housed in environmentally controlled Petersime brooder batteries (Petersime Incubator Co., gettysburg, OH) with raised wire floors. Continuous fluorescent lighting was provided for the duration of all experiments. Broilers were given ad libitum access to feed in mash form and water.
Diets were C-SBM based and formulated to 3,200 kcal of ME/kg and all other nutrients met or exceeded the nutrient requirements recommended by NRC (1994) except for TSAA where appropriate. In each experiment, a basal diet was prepared that contained all the ingredients except cornstarch (Table 1) . Amino acids (Met, Cys, and gly) or cornstarch were added to make the individual treatment diets. Amino acid composition of the diets was determined after acid hydrolysis (AOAC, 2002; method 994.12) . At the termination of each experiment, all broilers and feeders were weighed for the determination of growth performance and feed consumption.
In experiment 1, 288 broilers (41 and 615 g, initial and final BW, respectively) were allotted to 8 treatments with 6 replications of 6 broilers/replicate pen to investigate the effects of gly supplementation at varying Met:Cys in a C-SBM diet containing 0.20% supplemental Lys (0.394% Lys·SO 4 ). The treatments were arranged as a 2 × 3 factorial with 2 levels of gly + Ser (1.95 and 2.32%) and TSAA of 0.863% with 3 ratios of Met: Cys (60:40, 50:50, and 40:60) . Ratios of Met:Cys were calculated to achieve 0.063 mol of TSAA/kg of feed. A positive control diet with and without gly supplementation was also included with 0.937% standardized ileal digestible (SID) TSAA. Dietary concentration and supplementation of Met and Cys are outlined in Table 2 . All diets were formulated to contain 1.27% SID Lys.
In experiment 2, 288 broilers (36 and 585 g, initial and final BW, respectively) were allotted to 8 treatments with 6 replications of 6 broilers/replicate pen. The purpose of this experiment was to investigate the effects of gly supplementation at varying levels of Cys with a set level of Met in a C-SBM diet containing 0.20% supplemental Lys (0.394% Lys·SO 4 ). The treatments were arranged as a 2 × 4 factorial with 2 levels of gly + Ser (1.95 and 2.32%) and 4 levels of Cys (0.35, 0.40, 0.45, and 0.50) . Dietary concentration and supplementation of Met and Cys is outlined in Table  3 . The diets were formulated to contain 1.27% SID Lys and 0.45% SID Met.
Data were analyzed by ANOVA procedures (Steel and Torrie, 1980 ) appropriate for completely randomized designs using the gLM procedure of SAS (SAS 4 Contains 600,000 mg/kg of choline chloride. 5 The level of cornstarch was changed based on the level of inclusion of Met, Cys, and gly.
6 SID = standardized ileal digestible. Levels were calculated based on digestibility coefficients in NRC (1994).
Inst. Inc., Cary, NC). The pen of broilers served as the experimental unit. In all experiments, orthogonal contrasts appropriate for 2 × 3 or 2 × 4 factorially arranged treatments were used to determine treatment differences. In experiment 1, the PDIFF option of SAS was used to compare the positive control diets without and with gly supplementation with each other, the positive control diet without gly supplementation with the other 3 diets without gly supplementation, and the positive control diet with gly supplementation with the other 3 diets with gly supplementation. Treatment differences were considered significant at P < 0.10.
RESULTS AND DISCUSSION
Dietary analysis of amino acids was similar to formulated values. In experiment 1 (Table 4) , ADg was greater (P = 0.03) in the positive control diet with gly supplementation compared with the positive control diet without gly supplementation, but ADFI and g:F were not different (P > 0.10) between the 2. Within the diets without gly supplementation, g:F was greater (P = 0.04) in the positive control diet with 0.069 mol of TSAA than in the diet with 0.063 mol of TSAA with a Met: Cys 40:60. Within the diets with gly supplementation, ADg was greater in the positive control diet with 0.069 mol of TSAA than in the diets with 0.063 mol of TSAA and with a Met:Cys of 50:50 or 40:60 but not in the diet with a Met:Cys of 60:40. Similarly, within the diets with gly supplementation, ADFI was greater in the positive control diet with 0.069 mol of TSAA than in the diet with 0.063 mol of TSAA and with a Met:Cys of 40:60 but not in diets with a Met:Cys of 50:50 or 60:40. In the diets with 0.063 mol of TSAA, gly supplementation increased g:F (P = 0.003) but had no effect on ADg or ADFI (P > 0.10). Increasing the dietary Cys by reducing Met to achieve Met:Cys of 60:40, 50:50, and 40:60 resulted in a decrease in ADg (P = 0.028) but had no effect on ADFI or g:F (P > 0.10).
In experiment 2 (Table 5) , Met was kept constant at a marginal level of 0.45% and Cys was increased in 0.05% increments from 0.35 to 0.50%. glycine supplementation had no main effect on ADg, ADFI, or g:F (P > 0.10); however, gly supplementation increased g:F at the lower levels of Cys but not at the higher levels (gly × Cys, P = 0.031). A linear decrease (P = 0.071) was found in ADFI with increasing Cys supplementation and a tendency for decreased (P = 0.117) ADg.
Recent research in our laboratory has shown a positive response in ADg and g:F to gly supplementation in C-SBM diets otherwise thought to be adequate in all nutrients (NRC, 1994; Waguespack et al., 2008) . Similar response was also observed in low CP diets (Dean et al., 2006) and in diets adequate or deficient in TSAA (Powell et al., 2009 ). All the diets that responded to gly supplementation had dietary levels of 0.34 to 0.35% Cys, which is below the level of Cys recommended by NRC (1994) and is considered deficient for broilers 0 to 21 d of age (Moran, 1980; Kalinowski et al., 2003) . However, all the diets were supplemented with dl-Met to meet the TSAA requirement. Therefore, excess Met would combine with Ser to meet the broilers' need for Cys, which is considered to be the limiting amino acid in Met-supplemented C-SBM diets (Baker, 2005) . In a Met-supplemented diet, the limiting factor in Cys synthesis would be Ser or gly. The conversion of the readily available dietary gly to Ser, along with the excess Met, would result in an increase in the rate of synthesis of Cys. This may be one possible mechanism by which supplemental gly elicits an increased feed efficiency in diets deficient in Cys. Therefore, the purpose of this research was to determine whether the positive response to gly supplementation was related to the dietary level of Cys. The diets in experiment 1 were formulated to contain varying levels of Met and Cys at a set TSAA. The levels of Cys ranged from 0.30 to 0.46% whereas Met ranged from 0.56 to 0.47%. glycine increased g:F at all ratios of Met:Cys used in experiment 1. In the positive control diet with adequate TSAA, increased g:F with gly supplementation was observed because of the role d,e Within diets 1 to 4, means with a different superscript are different from diet 4 (P = 0.04). 1 glycine supplemented to achieve 2.32% gly + Ser. 2 Data are means of 6 replications with 6 broilers/replicate pen. Average initial and final BW were 41 and 615 g, respectively, and the experiment lasted from 0 to 18 d posthatching.
3 For ADg, ADFI, and g:F, the PDIFF option of SAS (SAS Institute, Cary, NC) was used to compare the positive control diets without (diet 4) and with (diet 8) gly supplementation with each other, the positive control diet without gly supplementation (diet 4) with diets 1 to 3 without gly supplementation, and the positive control diet with gly supplementation (diet 8) with diets 5 to 7. Unless noted, no other significant differences were observed. 4 Contrast conducted on diets containing 0.063 mol of TSAA/kg of feed. of gly as a constituent of uric acid. The response in feed efficiency was similar to that observed from gly in diets adequate and deficient in TSAA (Powell et al., 2009) . These data indicate that the supplementation of Cys to a TSAA-deficient, reduced CP C-SBM diet does not affect the response to gly supplementation. Because the diets were deficient in Met and because the diets became more deficient in Met as the level of Cys increased, the response to gly may have been to spare Met in some way, perhaps as a methyl donor. Therefore, in experiment 2, Met was set at a marginal level and held constant such that any sparing of Met would be the same in every diet. When Met was kept constant with increasing Cys to achieve Cys levels from below to above the requirement, a gly × Cys interaction was observed for feed efficiency. The increase in g:F that resulted from gly supplementation was achieved at Cys levels below the requirement but not at adequate or excessive Cys (Figure 1) , indicating that one possible role of the supplemental gly is a readily available precursor for the synthesis of Cys. This statement is further supported by an increase in g:F with increasing Cys supplementation in diets not supplemented with gly, but no increase in g:F in diets supplemented with gly.
Other researchers have also reported increased g:F with Cys supplementation (Moran, 1980; Kalinowski et al., 2003) with marginal to adequate Met. On the other hand, Beck et al. (1998) reported no benefit from the supplementation of 0.05% Cys; however, the total dietary level of Cys after supplementation resulted in 0.35% Cys, which was the lowest level fed in our Cyssupplemented diets. Clearly, the level of Cys supplementation fed in our experiments ranging from below to above the Cys requirement indicate that supplemental Cys increases g:F in a diet with adequate to marginal Met. A decrease in weight gain was observed when Cys was used to replace Met in the TSAA-deficient diets formulated to 1.27% SID Lys (experiment 1). Similarly, a tendency for a decrease in weight gain was found when Met was marginal (experiment 2). The ability of supplemental Cys to reduce weight gain in broilers fed Met-deficient diets was also reported by Dilger et al. (2007) . They reported a 20% decrease in BW with 4% supplemental Cys. It is interesting to note that the maximum level of Cys supplemented in our experiments that resulted in a decrease in ADg was 0.20%. This decrease in growth was unexpected because of the low levels of supplemental Cys.
These data indicate that gly supplementation increases g:F in female broilers fed marginal levels of Met and Cys but not at Cys levels at or above the requirement. This implies that the synthesis of Cys accounts for a portion, if not all, of the increased g:F in female broilers fed reduced CP C-SBM diets supplemented with gly. Further research is required to see whether male broilers with a lower Cys requirement would respond in the same manner as female broilers with Cys and gly supplementation. 
